Introduction {#Sec1}
============

*Cryptosporidium* is an intracellular and extra-cytoplasmic protozoan parasite causing gastrointestinal disorders resulting in diarrhoea in young animals and immunocompromised human beings. In cattle, it causes acute or chronic gastrointestinal disturbance, which results in mortality, loss of weight and reduced milk production \[[@CR1], [@CR2]\]. The pathogen has a direct life cycle and can develop and multiply in the gastrointestinal epithelial cells of infected animals \[[@CR3], [@CR4]\].

To date, about seven species and two genotypes of *Cryptosporidium* have been identified in cattle \[[@CR5]\]. The parasite can be transmitted from human to human or animal to animal (anthroponotic transmission) or from animal to human (zoonotic transmission) \[[@CR6]\].

Infections are commonly transmitted via the faecal-oral route, sticking direct or collateral contact with infective stages of the fully sporulated oocysts when excreted \[[@CR7]\]. The infection is found to be self-limiting in immunocompetent hosts, but it may lead life-threatening acute and chronic diarrhoea in young and immunocompromised animals \[[@CR8]\]. The occurrence of cryptosporidiosis in the calf can be determined by age, bed depth and environmental sanitation \[[@CR1]\].

Bovine cryptosporidiosis is often misdiagnosed despite the fact that it has been considered as an important cause of neonatal diarrhoea and economic losses in dairy farms \[[@CR9]\]. It is characterized by anorexia and diarrhoea, which may result in poor growth rate and death. Clinically, the severity of cryptosporidiosis may be attributed to animals' age, immune and nutritional status \[[@CR10], [@CR11]\].

Various reports have indicated that the prevalence of cryptosporidiosis ranges from 6.25 to 39.65% in cattle in different parts of the world \[[@CR12]--[@CR14]\]. There are various factors that affect the prevalence of cryptosporidiosis including age, bedding type, hygiene, colostrum feeding, management practices, feed and water sources, diarrhoea and climate \[[@CR15]\]. In Ethiopia, where over 50 million cattle are raised under various agro-ecological zones, a few research works have been done on bovine cryptosporidiosis in central parts of the country reporting a prevalence ranges from 2.3 to 27.8% \[[@CR16]--[@CR18]\]. However, apart from conducive climatic factors for parasite pathogens, there are limited data on the prevalence and potential risk factors of *Cryptosporidium* infection in calves in northwest Ethiopia. Data regarding the prevalence and potential risk factors of *Cryptosporidium* infection in different agro-climatic zones is crucial to understand the dynamics of transmission, design and establish effective control measures in developing countries, like Ethiopia. Thus, the present study was aimed at estimating the prevalence and potential risk factors of *Cryptosporidium* infection in bovine calves in northwest Ethiopia.

Main text {#Sec2}
=========

Methods {#Sec3}
-------

### Study area {#Sec4}

This present study was conducted in northwest Ethiopia, about 727 km from Addis Ababa, the capital city of the country. The study area is located at a latitude of 35°7′N and longitude of 13°8′E. It also lies at an altitude of 2200 meters above sea level. The annual average temperature and rainfall are about 19.7 °C and 1172 mm, respectively. According to the Central Statistical Agency (CSA) of Ethiopia, the livestock population found in the region include cattle 3.5 mil, shoats 2.5 mil, poultry 2 mil and Equine 400,000. A mixed farming system is the predominant farming practice in the area \[[@CR19]\].

### Study design, study animal and sample size {#Sec5}

A cross-sectional study design with a simple random sampling procedure was employed from October 2014 to April 2015 to address the above-mentioned objectives. The study animals were both Holstein-cross and local breed calves aged up to 12 months. The sample size was determined by the formula which has been given by Thrusfield \[[@CR20]\] using an expected prevalence of 17.6% \[[@CR16]\] at 95% confidence interval and 5% precision value. Therefore, a sample size of 223 calves was obtained. However, a total of 360 dairy calves were recruited to collect the required faecal samples.

### Sample collection and laboratory analysis {#Sec6}

Fresh faecal samples were collected directly from the rectum of a calf and kept in a separate clean bottle in a cold box. At the time of sample collection, the name of the owner, sampling date, faecal consistency (normal/diarrhoea), presence/absence of close contact with other domestic animals, feed and drinking water source, hygiene status and the calf age, sex, breed and body condition score were recorded for each animal on a recording sheet. After collection, the samples were then transported to the laboratory on the same day of collection for further process. The samples were then processed using faecal flotation with a Sheather's sugar solution \[[@CR21]\]. Faecal smears were also prepared and stained using modified Ziehl--Neelsen acid-fast stain \[[@CR22]\].

### Data analysis {#Sec7}

The raw data were managed and summarized using STATA version 11. Descriptive statistics were utilized to summarize the raw data. The percentage of *Cryptosporidium* infection was calculated by dividing the number of infected animals by the total number of animals examined multiplied by 100. Univariate logistic regression method was used to determine the association between potential risk factors and occurrence of *Cryptosporidium* infection. Variables with significance at *P* \< 0.05 were selected for further multivariate logistic regression. Multicollinearity test was also made to check the multivariate model fit and to identify confounding factor. The results were considered statistically significant when the *P* value is ≤ 0.05.

Results {#Sec8}
-------

Out of the 360 examined calves, *Cryptosporidium* oocysts were detected in 67 (18.6%) calves. By using univariate logistic regression analysis, six risk factors were identified that affect the prevalence of *Cryptosporidium* infection in calves (Tables [1](#Tab1){ref-type="table"} and [2](#Tab2){ref-type="table"}). Calf age significantly affected the prevalence (OR 2.12, 95% CI 1.12--3.91, *P* \< 0.05); calves under 6 months old were highly affected (28.4%) than older calves. Feed source was also found to affect the occurrence of *Cryptosporidium* infection (OR 2.26, 95% CI 1.22--4.33, *P* \< 0.01). Feeding on milk and pasture resulted in a higher infection rate (23.4%) than pasture alone. Similarly, water source significantly affected the infection rate (25.13%); getting river water was found to expose calf three times more for *Cryptosporidium* infection than tap water. Furthermore, hygiene status also significantly influenced the prevalence of infection (OR 2.92, 95% CI 1.51--5.55, *P* \< 0.001). It was three times more in poor hygiene calves (34.4%) than hygienic calves (15.2%).Table 1Univariable analysis of host-related risk factors with *Cryptosporidium* oocyst shedding by calvesPotential risk factorsNo. animalsNo +vePrev. (95% CI)OR (95% CI)*P* valueBreed Indigenous2714817.7 (13.6--22.7)1 Holstein-cross891921.3 (14.1--31)1.26 (0.7--2.29)0.445Sex Female1983618.2 (13.4--24.1)1 Male1623119.1 (13.8--25.9)1.065 (0.63--1.81)0.817Age 6--12 months2794415.8 (12--20.5)1 \< 6 months812328.4 (19.7--39.0)2.12 (1.2--3.78)0.011Body condition scores Good2715018.5 (14.3--23.5)1 Poor891719.1 (12.3--28.5)1.04 (0.57--1.92)0.89Overall prevalence3606718.6 (14.9--23) Table 2Univariable analysis of non-host related risk factors to the prevalence of *Cryptosporidium* infectionPotential risk factorsNo. animalsNo. +ve animalsPrevalence (95% CI)OR (95% CI)*P* valueStudy site Urban1492214.8 (10--21.4)1 Peri-urban2114521.3 (16.3--27.3)1.57 (0.89--2.74)0.117Feed source Pasture alone1511811.9 (7.7--18.1)1 Milk + pasture2094923.4 (18.2--29.6)2.26 (1.26--4.07)0.006Water source Pipe1651810.91 (7.0--16.6)1 River1954925.13 (19.6--31.7)2.74 (1.52--4.93)0.001Hygienic status Good2964515.2 (11.6--19.7)1 Poor642234.4 (23.9--46.6)2.92 (1.6--5.35)0.001Faecal consistency Normal2984515.1 (11.5--19.6)1 Diarrhoeic622235.5 (24.7--47.9)3.09 (1.68--5.69)0.001Contact with domestic animals No6469.4 (4.4--18.9)1 Yes2966120.6 (16.4--25.6)2.51 (1.03--6.09)0.042Overall prevalence3606718.6 (14.9--23)

Analysis of faecal consistency as a risk factor shows a significant variation in the occurrence of *Cryptosporidium* infection in calves with diarrhoea and normal faecal matter (OR 3.09, 95% CI 1.59--5.9, *P* \< 0.001). Thus, the occurrence of infection was three times higher in diarrheic calves than those with the normal faecal matter. Mixing of calves and other domestic animals also had a significant effect on the risk of infection. Calves which had free interaction with other domestic animals had a higher prevalence than those calves kept separately (OR 2.51, 95% CI 1.02--7.44, *P* \< 0.05). On the contrary, location, gender, body condition score and breed did not show significant (*P* \> 0.05) effect on *Cryptosporidium* infection rate.

Multivariable analyses were also done for those significant variables in univariable analysis and the test result showed that age, feed source, water source, hygiene and contact with other domestic animals were significant variables (*P* \< 0.05); where calves \< 6 months, milk plus pasture consumption, river water, poor hygiene and close contact with other domestic animals showed significant effect on the occurrence of *Cryptosporidium* infection in calves (Table [3](#Tab3){ref-type="table"}).Table 3Multivariable logistic analysis of risk factors that were significant using univariable analysis as shown in Tables [1](#Tab1){ref-type="table"} and [2](#Tab2){ref-type="table"}Risk factorsORSEzP \> \|z\|95% confidence intervalCalves \< 6 month2.3760.7632.690.0071.2664.457Milk plus pasture consumed2.9270.9473.320.0011.5535.519River water2.6610.8593.030.0021.4145.009Poor hygiene2.6250.8722.900.0041.3685.035Contact with domestic animals2.5991.2412.000.0451.0196.627

Discussion {#Sec9}
----------

In this study, the overall prevalence of *Cryptosporidium* infection in calves was found to be 18.6% (67/360). This is in line with the report of Abebe et al. \[[@CR16]\] who noted 17.6% infection rate in dairy calves in Central Ethiopia. Similarly, Lefay et al. \[[@CR23]\] from France and Geurden et al. \[[@CR24]\] from Zambia reported a comparable prevalence in dairy calves. However, Santin et al. \[[@CR25]\] in the USA, Nguyen et al. \[[@CR26]\] in Vietnam and Brook et al. \[[@CR1]\] in the UK reported relatively higher occurrence in calves. This variation between reports might be ascribed to the geographic difference, study design, diagnostic techniques, production system and management as well as the season of the year when the study was conducted. According to Venu et al. \[[@CR13]\], the diagnostic techniques employed in the present survey are less sensitive and can give false negative results. This might also be the reason why report variation recorded.

The effect of age was confirmed in the present study as of Geurden et al. \[[@CR24]\], Venu et al. \[[@CR13]\] and Joute et al. \[[@CR14]\] who noted the significant effect of age on the prevalence of *Cryptosporidium* infection in animals. Similarly, Noordin et al. \[[@CR27]\] affirmed the importance of age on the occurrence of *Cryptosporidium* infection. This supports the present finding in which higher prevalence recorded in calves older than 6 months. This could be owing to the fact that the immature immune system of young calves. Brook et al. \[[@CR1]\] also reported calves under 4 months of age are more at risk for *Cryptosporidium* infection. This is also supported by Kvac et al. \[[@CR28]\] who described that resistance to infection could be developed with age due to immune development through time.

A strong association was also observed between the hygienic status of calves and their house, and the occurrence of *Cryptosporidium* infection in calves. The present report is supported by the finding of Abebe et al. \[[@CR16]\] who described the substantial connection of the *Cryptosporidium* infection with the hygienic status of dairy animals and their farms. Similarly, El-Khodery and Osman \[[@CR21]\], and Castro-Hermida et al. \[[@CR29]\] affirmed that poor hygiene increases the infection rate and spread *Cryptosporidium* species in animals. This might be ascribed to that dirty and muddy farm could presumably build a favourable microclimatic factors or conditions for the presence or survival of *Cryptosporidium* oocysts in the farms or animal houses. This increases feed and water contamination, which in turn might favour the exposure of calves to *Cryptosporidium* infection.

A significant association was also observed between the prevalence of *Cryptosporidium* oocysts and faecal consistency of calves; where diarrhoeic animals had shed the oocysts more frequently than those calves with the normal faecal matter. This is in accordance with El-Khodery and Osman \[[@CR21]\], Causape et al. \[[@CR30]\] and Lise et al. \[[@CR31]\] who reported a strong association between *Cryptosporidium* oocyst shedding and calf diarrhoea. Thus, it seems that *Cryptosporidium* is the enteropathogen which strongly associated with diarrhoea. This might be due to the fact that the pathogen causes villous atrophy and crypt hyperplasia, which results in a decrease in the absorptive surface area of the intestine; thus glucose, water and sodium absorption are hindered and results in diarrhoea \[[@CR7]\]. Moreover, the parasite could have a capability in reducing disaccharidase activity resulting in the reduced breakdown of sugars resulting in bacterial overgrowth, the formation of volatile fatty acids, and changes in osmotic pressure; these changes, then cause the characteristic severe and watery diarrhoea \[[@CR7], [@CR32]\].

In our study, having river water also significantly affected the occurrence of *Cryptosporidium* infection in calves. This is supported by the report of El-Khodery and Osman \[[@CR21]\] who accounted that water supply can affect the prevalence of cryptosporidiosis. This might be attributed to the contamination of wells/rivers to drain or runoff from farming areas \[[@CR33]\].

*Cryptosporidium* species can affect different animals, including human beings \[[@CR16]\]. The parasite can also be transmitted directly or indirectly through faecal-oral route from the infected animal to healthy animals \[[@CR6], [@CR23]\]. Therefore, mixing of different species of animals may help in contraction and spread of the infection \[[@CR22]\]. This supports the present report in which it shows that the significant effect of direct contact between calves and other domestic animals on *Cryptosporidium* infection. Similarly, Mohammed et al. \[[@CR34]\] reported the tendency of infection risk can be reduced when animals kept individually or without close contact with different species of animals.

In conclusion, this study clearly figures out that *Cryptosporidium* infection is prevalent in northwest Ethiopia. The prevalence of *Cryptosporidium* infection in calves was found to be 18.6%. Therefore, awareness creation should be practised in the community about public health and economic significances of cryptosporidiosis and about the proper care to be involved. In addition, further epidemiological studies involving different risk factors need to be conducted.

Limitations {#Sec10}
===========

In this study, we recognized the following limitations:The study was a cross-sectional study, which could not determine the causal effect relationships between independent and dependent factors.The study did not involve species identification, molecular characterization and seasonal investigation, which may limit the value of the report.
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